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Abstract 
A theory is presented which shows the biasing field effect on the frequency dependence of the complex dielectric permittivity of 
magnetic fluids, as measured with a coaxial cell having the axis perpendicular to the biasing field. The theory is supported by 
measurements on a kerosene based magnetic fluid with magnetite particles, subjected to a biasing field, H of up to 168 kA/m, 
over the frequency range 0.1 ± 6 GHz. A decrease in thHIUHTXHQF\FRUUHVSRQGLQJWRWKHPD[LPXPRIİ´ȦDQGRIDQLQFUHDVHLQ
ERWKİ¶ȦDQGİ´ȦZLWKLQFUHDVLQJ+ZDVIRXQG 
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1. Introduction 
 
Dielectric properties of magnetic fluids have been investigated by different authors. In references [1-4], the static 
and dynamic dielectric properties have been analyzed in order to explain the magneto-dielectric effect in magnetic 
fluids. This magneto-dielectric effect has previously been used to verify  the magneto-optic effect in magnetic fluids 
[5-7]. The low frequency field dielectric relaxation in magnetic fluids was analyzed in [8, 9] and is shown that it 
may be explained in terms of the Schwarz model [10]. In Ref. [11] it is shown that the frequency dependence of the 
complex dielectric permittivity of magnetic fluids in zero biasing field may be well described by means of the Sillars 
model [12] for heterogeneous dielectrics in the biphasic approximation. 
In this paper we go a step further, presenting a theory and corresponding experimental results which show the 
biasing field effect on the frequency dependence of the complex dielectric permittivity of magnetic fluids, as 
measured with a coaxial cell having the axis perpendicular to the biasing field. 
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2. Theoretical model and experimental results 
In describing the theoretical model we must bear in mind that some magnetic fluids are obtained by the chemical 
co-precipitation method [13]. Due to this fact, as clearly shown by Rocchiccioli-Deltcheff et al [14], each magnetic 
nanoparticle is surrounded by a counter ion atmosphere. Thus, from a dielectric point of view, the magnetic fluids 
are binary mixtures consisting of colloidal particles surrounded by a counter ion atmosphere (with an effective 
conductivity, different from that of the bulk material) and the carrier liquid. Another fact which must be taken into 
account is that the magnetic nanoparticles do not have a spherical shape and each one is characterized by a 
depolarizing factor [12]. Subjected to a static magnetic field, the magnetic colloidal particles will rotate within the 
carrier liquid resulting in a change of the depolarizing factor (with respect to the laboratory reference system). Also, 
in the presence of a static magnetic field the particles may agglomerate. In this paper we shall assume that only 
small particle agglomerations may occur and these small aggregates may be considered as a single colloidal particle.  
 Under the above mentioned characteristics of magnetic fluids, we modified the Sillars model [12], taking into 
account the change in the depolarizing shape factor of the colloidal nanoparticles due to the presence of the biasing 
field. Also, the computations are characteristic to our experimental arrangement, in which the measurement cell is a 
coaxial transmission line and the biasing field is perpendicular to the axis of the coaxial line [15].  
According to the Sillars model [12], the permittivity of a dielectric binary mixture is given by Eq.(1). 
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where ĭ is the volume fraction of particles and A is the depolarizing factor of particles. In order to describe the 
frequency dependence of the permittivity, the permittivity of particles and the permittivity of the dispersion medium 
are written as İp=İ¶p±LıpȦİ0) and İm=İ¶m±LımȦİ0) respectively. Here İ¶p  and ıp are the real part of the complex 
dielectric permittivity and the d. c. conductivity of the colloidal particles, İ¶m and ım are the real part of the complex 
dielectric permittivity and the d. c. conductivity of the dispersion medium, İ0 is the free space permittivity and Ȧ is 
the angular frequency of the electromagnetic field. 
We shall consider that the colloidal nanoparticles are ellipsoids with the semi major-axis denoted by a, and semi 
minor-axis denoted by b. We shall also denote by [¶\¶]¶, the coordinate system of a particle. In this system, the 
permittivity matrix of the magnetic fluid is:   
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Where ||H  and AH  are given by Eq. (1), in which the depolarizing factor along the major axis of ellipsoid, ||A  and 
the depolarizing factor along the minor axis of ellipsoid, AA  are used. ||A  and AA are given by [16]:  
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In Eqs. (3) and (4), e = [1-(b/a)2]1/2  . We denote by xyz the laboratory coordinate system, in which the biasing field 
is directed along the oz axis and the plane xoz is perpendicular to the axis of the coaxial line cell. In the xyz 
coordinate system the electric field lines are circles in the xoz plane and the axis of the measurement cell is along the 
oy axis. 
Denoting by ș and ĳ the rotation angles of the major axis of a particle with respect to the xyz system, the 
permittivity matrix İ¶ with respect to the xyz system is:  
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In order to take into account the effect of the biasing field on the permittivity, we shall assume the magnetic 
moment of a particle, m&  directed along the major axis of the ellipsoid and we shall average each element İĮȕ of the 
matrix (5). The thermal average is given by:  
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where ȝ0 is the free space permeability and H
&
 is the biasing field, k WKH%ROW]PDQQ¶VFRQVWDQWDQGT the temperature 
of the system. The results of the computation are: 
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For all ED z , İĮȕ> = 0. In Eqs. (8) and (9) /ȟ is the Langevin function and ȟ P+N7. 
In our experimental arrangement, the electric field has different orientations in the xoz plane. The effective 
permittivity of the magnetic fluid with respect to the electric field is: 
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Fig.1 shows the theoretical frequency and biasing field dependence of the complex dielectric permittivity,  İeff of 
a kerosene based magnetic fluid with magnetite particles, for which the following parameters were assumed: İ¶p = 
37, ıp  ȍ-1m-1, İ¶m = 2, ım = 10-14 ȍ-1m-1, ĭ  and T = 300 K (similar to those in Ref. [11]). In zero biasing 
field a = 6nm, b = 5nm (typical for the particles within magnetic fluids). An important shift in İ¶ and in the 
frequency, fmax , corresponding to the maximum of İ´ may be achieved only if an increase of the parameter e is 
taken into account. An increase in e is correlated to the small aggregates which form following the application of the 
biasing field. 
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Fig.1. Theoretical frequency and biasing field dependence of İeff   
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Fig.2. Experimental dependence of İeff on the frequency and biasing field  
 
Fig.2 shows the experimental frequency and biasing field dependence of a kerosene based magnetic fluid with 
magnetite particles, stabilized with oleic acid. The measurements were performed as in Refs. [15]. One can observe 
that a decrease in fmax DQGDQLQFUHDVHLQERWKİ¶ȦDQGİ´ȦZLWKLQFUHDVLQJ+ZDVIRXQG 
 
3. Conclusions 
 
A model on the effect of the biasing field on the frequency dependence of the complex dielectric permittivity of 
magnetic fluids, in the microwave range, was presented. 
The model is in agreement with the experimental results if the small particle agglomerations occurrence is 
assumed, as an effect of the biasing field. 
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